O rganometallic complexes of the cyclopentadienyl (Cp) and trispyrazolylborate (Tp) type have been shown to activate a variety of COH bonds in alkanes and arenes (1-9). However, studies on the activation of alkanes and arenes containing reactive functional groups have received far less attention in the literature. Hartwig and coworkers (10-12) have been successful in the hydroborylation of mono-and disubstituted arenes using transition metal catalysts. The borylation of the arene ring is believed to occur after oxidative addition of the ring COH bond without interference of reaction with the functional group. Smith (13, 14) has even shown that haloarenes can be borylated and functionalized without affecting the carbon-halogen bond. Although numerous examples are presented for the functionalization of substituted arenes (15), the functionalization of alkanes containing reactive functional groups is somewhat restricted, perhaps because some of the functional groups on the alkanes are more reactive toward the catalysts and do not allow for COH activation. In addition, some functional groups (e.g., OH) are known to make the adjacent COH bonds more reactive in alkanes (16).
O
rganometallic complexes of the cyclopentadienyl (Cp) and trispyrazolylborate (Tp) type have been shown to activate a variety of COH bonds in alkanes and arenes (1) (2) (3) (4) (5) (6) (7) (8) (9) . However, studies on the activation of alkanes and arenes containing reactive functional groups have received far less attention in the literature. Hartwig and coworkers (10) (11) (12) have been successful in the hydroborylation of mono-and disubstituted arenes using transition metal catalysts. The borylation of the arene ring is believed to occur after oxidative addition of the ring COH bond without interference of reaction with the functional group. Smith (13, 14) has even shown that haloarenes can be borylated and functionalized without affecting the carbon-halogen bond. Although numerous examples are presented for the functionalization of substituted arenes (15) , the functionalization of alkanes containing reactive functional groups is somewhat restricted, perhaps because some of the functional groups on the alkanes are more reactive toward the catalysts and do not allow for COH activation. In addition, some functional groups (e.g., OH) are known to make the adjacent COH bonds more reactive in alkanes (16) .
We recently reported the activation of 1-, 2-, and 3-chloropentanes using a trispyrazolylborate rhodium complex (17) . It was determined that the [TpЈRh(L)] fragment did not oxidatively cleave the COCl bond of the chloroalkane, as would have been expected given the relative bond strengths of COH (Ϸ100 kcal) vs. COCl (80 kcal) bonds (18) and the literature precedence that exists for the oxidative addition of COCl bonds to Rh(I) and Ir(I) metal systems (15, 19) . Surprisingly, the [TpЈRh(L)] fragment reacted exclusively with the terminal COH bonds of the alkane to give the substituted haloalkyl hydride complex. Here, we extend the investigation of the activation of hydrocarbon COH bonds to include substrates containing the nitrile functional group (OC'N).
The COH bond activation of acetonitrile has been documented in the past. Teuben and coworkers (20) have reported the COH activation of acetonitrile via a -bond metathesis using Cp* 2 LnCH(SiMe 3 ) 2 . Jesson and coworkers (21) have also documented the formation of the cyanomethyl hydride as a result of activation of acetonitrile using (dmpe) 2 M(Np)H (M ϭ Fe, Ru; Np ϭ 2-naphthyl). The scission of the COCN bond of acetonitrile has also been reported by Parkin and coworkers (22) , Brookhart and coworkers (23, 24) , Nakazawa et al. (25) , and Jones and coworkers (26) . Of particular interest is the work by Brookhart using a similar Cp*Rh(PMe 3 ) system (23) , which is known to undergo COH bond activation in the presence of alkanes and arenes (3, 27) . However, in the presence of nitriles and triphenylsilane, the complex promotes the cleavage of the COCN bond.
To demonstrate the diversity of nitrile reactivity with low valent metals, our group has also investigated the reactions of aromatic, allylic, and alkyl nitriles using [(dippe)NiH] 2 (28) (29) (30) . In these studies, 2 coordination of the CN bond to the Ni metal center was observed to precede cleavage of the COCN bond. In the case of the allylic nitriles, COH bond activation competed with COC bond activation. Norton and coworkers (31) 3 ), indicating the thermodynamic preference for the latter. However, unsubstituted secondary isomer analogs (e.g., isopropyl) undergo isomerization to the primary isomers upon heating to 120°C. They have observed similar results using a CpFe(CO)(PPh 3 )(-CH 2 CH 2 CN) system in which isomerization of the primary alkylnitrile complex to the secondary alkyl nitrile complex occurs under thermal conditions (35) . The isomerization to the secondary isomer of the above mentioned reactions of alkylnitriles might lead one to investigate the use of nitrile substitution to activate secondary COH bonds that previously appeared to be unreactive in linear alkanes. In light of the variety of modes of reaction of alkyl nitriles with metal complexes, we sought to investigate their reactivity with the coordinatively unsaturated complex [TpЈRh(L)] (TpЈ ϭ Tris-(3,5-dimethylpyrazozlyl)borate, L ϭ CNCH 2 CMe 3 ).
Results
Oxidative Addition of Aliphatic Nitriles. The complex TpЈRh(L)( 2 -PhN ϭ L) (1) has been demonstrated to be an excellent photoprecursor of the reactive fragment [TpЈRh(L)] (36). Photolysis reactions of (1) in neat alkylnitrile substrate were carried out under inert atmosphere conditions to produce the COH bond activated TpЈRh(L)(R)(H) complexes in high yield [R ϭ CH 2 CN, CH 2 CH 2 CN, CH 2 (CH 2 ) 2 CN, and CH 2 (CH 2 ) 3 CN, Fig. 1 ]. These photolyses go to completion in 15-30 min as the yellow solution of 1 is converted to the colorless oxidative addition product. The resulting hydrides showed varying stability in benzene and were subsequently converted to the stable chloride derivatives by quenching with carbon tetrachloride. The hydrides displayed characteristic 1 H NMR spectra, but were not isolated because of their lability and air sensitivity. The chloride derivatives, however, were fully characterized and can be handled in air. Photolysis of 1 in neat acetonitrile results in the complete bleaching of the bright yellow solution. Removal of the solvent at low temperature followed by 1 H NMR spectroscopy of the resulting tan solid in C 6 D 6 shows a metal hydride resonance at ␦ Ϫ14.33 ppm (J ϭ 20 Hz), indicating that the oxidative addition of the COH bond of acetonitrile had occurred to give the product TpЈRh(L)(CH 2 CN)(H) (2) , in near quantitative yield. (Fig. 2) .
The formation of TpЈRh(L)(CH 2 CH 2 CN)(H) (3) is observed upon photolysis of 1 in neat propionitrile. The 1 H NMR spectrum, after removal of the solvent and dissolution in C 6 D 6 , shows a metal hydride resonance at ␦ Ϫ14.92 ppm (J ϭ 24 Hz) as the dominant product (Fig. 1) . The TpЈ region of the 1 H NMR spectrum again is indicative of a TpЈRh(L)(X)(Y) complex. No evidence for the cleavage or coordination of the COCN bond was observed. Although the oxidative addition of the COH bond could have occurred either at the terminus of the chain or at the COH bond adjacent to the nitrile group, it was believed that the former had occurred because: (i) previous experiments with nonsubstituted alkanes had shown activation of the primary COH bond only (37, 38) , and (ii) activation of the COH bond adjacent to the nitrile group should have given a similar coupling constant as seen in the activation of acetonitrile (Ϸ20 Hz). The larger RhOH coupling constant of 24 Hz resembled that observed from activation of the terminus of straight chain alkanes (37) . Under inert atmosphere conditions, 3 was more resistant to undergo reductive elimination at room temperature in benzene solvent than a typical alkyl hydride complex of this type; however, it is not as resistant as the analogous acetonitrile adduct 2. In addition to small quantities (Ϸ10%) of the carbodiimide activation products, two minor hydride resonances (Ϸ5% each) were also observed that could be attributed to the pair of diastereotopic ␣-COH activation products TpЈRh(L)(CH(CH 3 )CN)(H) (3Ј). That (i) these resonances have similar chemical shifts and coupling constants to that in the activation of acetonitrile (␦ Ϫ14.23, d, J ϭ 20 Hz; ␦ Ϫ14.51, d, J ϭ 20 Hz), and (ii) the complexes persist long after 3 has undergone reductive elimination, consistent with the anticipated stability of an ␣-cyano product, are evidence for this argument. In addition, allowing the initial photolysis solution to stand for several days in propionitrile solvent at 50°C shows a slight, if any, increase in these resonances for 3Ј as the hydride for 3 disappears. In the absence of additional data, however, this assignment must be regarded as tentative. The major hydride complex 3 was again air sensitive and converted to the stable chloride derivative through the addition of CCl 4 to give TpЈRh(L)(CH 2 CH 2 CN)Cl (3-Cl).
Similarly, the butyronitrile and valeronitrile activated hydride complexes (4 and 5, respectively) were synthesized through photolysis of 1 in neat substrate followed by removal of solvent to give near quantitative yields by 1 H NMR (Fig. 1 ). Again, the 1 H NMR spectra reveal that there is no evidence for 2 coordination or scission of the COCN bond. Compound 4 contains a metal hydride resonance at ␦ Ϫ14.99 ppm (J ϭ 24 Hz), whereas 5 has a metal hydride resonance at ␦ Ϫ15.00 ppm (J ϭ 24 Hz), both with coupling constants that resemble activation at the terminus of the chain. The resulting hydride complexes 4 and 5 are air sensitive and undergo elimination in benzene at 26°C much faster than 2 or 3. In both reactions, small quantities (Ϸ10%) of the carbodiimide activation products are seen. In the case of 4, two small resonances are seen (Ϸ3%) that are consistent with ␣-nitrile COH activation (4Ј). With 5, however, the ␣-nitrile product resonances for 5Ј are not observed. The stable chloride derivatives of both 4 and 5 were formed through the addition of CCl 4 to the initial hydride complexes formed during photolysis to give TpЈRh(L)(CH 2 CH 2 CH 2 CN)Cl (4-Cl) and TpЈRh(L)(CH 2 CH 2 CH 2 CH 2 CN)Cl (5-Cl). The structure of 4-Cl was confirmed by single crystal x-ray crystallography confirming terminal COH bond activation (Fig. 3) .
Reductive Elimination of Aliphatic Nitriles. The rates of reductive elimination of 2, 2-d 3 , 3, 4, and 5, prepared by photolysis of 1 in neat solvent followed by removal of solvent and dissolution in C 6 D 6 , have been determined by monitoring the conversion of the complexes to TpЈRh(L)(C 6 D 5 )D (6) by 1 H NMR spectroscopy:
The experiments were performed at 26°C, except for the elimination of 2 and 2-d 3 , which were performed at 100°C because they do not undergo elimination at an appreciable rate at 26°C. The formation of 6 upon elimination of the alkylnitrile hydride complexes is irreversible in these reactions. The first-order decay plot of the concentration of the activated nitrile complex vs. time was used to determine the rates of reductive elimination of the alkyl nitriles. Table 1 shows the rates of the elimination of the nitriles.
As mentioned above, reductive elimination of 2 does not occur at room temperature. Upon heating 2 at 100°C in C 6 D 6 , reductive elimination occurs to form the previously reported 6 and free acetonitrile. Complete elimination occurs over ca. 12 days at 100°C. A least squares fit of the first order decay of the concentration of 2 vs. time affords a rate of reductive elimination of 2.63 ϫ 10 Ϫ6 s Ϫ1 (Fig. 4) . The rate for the reductive elimination of acetonitrile from 2 at 100°C can be extrapolated to 26°C by assuming ⌬G ‡ is temperature independent over this range, giving a rate of 7.46 ϫ 10 Ϫ11 s Ϫ1 . Similarly, the elimination of acetonitrile-d 3 was observed to undergo a slightly faster rate of decay as can also be seen in Fig.  4 , with a rate of reductive elimination of 4.20 ϫ 10 Ϫ6 s Ϫ1 . This result is indicative of an inverse isotope effect (k H /k D ϭ 0.625) for the elimination of acetonitrile from the metal system. Inverse isotope effects for alkane reductive eliminations of Cp and TpЈ complexes have been seen (39) (40) (41) (42) (43) (44) (45) .
Similarly, the rate of the elimination of nitrile from the propionitrile activation complex 3 was much slower (121ϫ) than the elimination of the analogous straight chain alkane, indicating a significant influence due to the ␤-cyano group. The reductive coupling of propionitrile from 3 to form 6 occurs slowly at 26°C. This conversion has a half-life of 128 h, much more rapid than the previously mentioned elimination of the acetonitrile analog. Likewise, the butyronitrile-activated complex 4 undergoes reductive elimination in C 6 D 6 solution with a half-life of only 6 h, a much faster rate compared with 3. The elimination of valeronitrile from 5 is even faster, with a half-life of only 1.8 h. The small hydride resonances assigned as ␣-nitrile COH activation products 3Ј and 4Ј did not undergo reductive elimination, even after several days at 50°C, consistent with the notion that ␣-cyano substitution strengthens the metal-carbon bond.
Competition Experiments. The ability of two substrates to compete for the vacant site in [TpЈRh(L)] was investigated by irradiation of 1 in a mixture of two solvents and monitoring the kinetic products formed by 1 H NMR spectroscopy, as summarized in Fig. 5 . In a competition between pentane and hexanenitrile, the pentane activation product TpЈRh(L)(n-pentyl)H was formed in preference to the nitrile activation product TpЈRh(L)(CH 2 CH 2 CH 2 CH 2 CH 2 CN) by a ratio of 1.7:1. Other competitions were not possible to examine due to the immiscibility of acetonitrile and short-chain nitriles with alkanes.
However, competitions between two nitriles could be examined. Irradiation of 1 in a mixture of acetonitrile and propionitrile showed a 1.54:1 preference for formation of 3 over 2. Irradiation of 1 in a mixture of acetonitrile and butyronitrile showed a 1.85:1 preference for formation of 4 over 2. Irradiation of 1 in a mixture of acetonitrile and valeronitrile showed a 2.38:1 preference for formation of 5 over 2. The significance of these competitions will be delineated in the following discussion.
Discussion
The relative stability of the COH activated alkyl nitrile complexes appears to be strongly dependent on the number of carbons separating the nitrile group from the metal center. After clean activation of acetonitrile, it was observed that 2 was stable indefinitely at room temperature in the presence of benzene. Previously, it had been reported that upon formation of alkyl hydride complexes via COH bond activation of alkanes, the complexes would undergo reductive elimination in the presence of benzene to form 6 and free alkane with half lives of Ϸ5 h (methane) to Ϸ1 h (ethane-hexane) (46) . The studies investigated here show that the nitrile-containing complexes are much more stable with the stability of the complex being dependent on the chain length of the alkylnitrile. Compounds 4 and 5 are not nearly as stable as 2 or 3; however, they still show a marked increase in stability in comparison to the straight chain alkanes studied by using the same metal complex (see Table 1 ). The increased stability can even be seen with the CN substituent four carbons from the metal center in the activation of valeronitrile, where the rate of elimination from 5 is 2.3 times slower than the rate of elimination of the parent hydrocarbon butane. The effect becomes even more dramatic with fewer methylenes separating the metal and the cyano group, culminating with the ␣-cyanomethyl ligand, which requires heating to 100°C to induce reductive elimination. This observation can only be attributed to a strong inductive effect or field effect for the nitrile, although this effect is reported to drop off significantly with chain length (for CN, I ϭ 0.51; for CH 2 CN, I ϭ 0.32; for CH 2 CH 2 CN, I ϭ 0.09; see ref. 47 ). The electron-withdrawing cyano group appears to strengthen the RhOC bond, raising the energy required to reach the transition state for COH reductive elimination. Although the detailed mechanism by which these eliminations occur has not been investigated, they are likely to proceed via initial reductive coupling to make -COH complexes, which then dissociate from the metal, as in the alkane analogs (46) .
The competition between pentane and hexanenitrile showed a 1.7ϫ kinetic preference for activation of the parent hydrocarbon. This preference can be attributed to the sluggishness of secondary COH bond activation compared with primary COH activation. In pentane, the metal can coordinate to any position along the chain and then migrate to either end before undergoing oxidative cleavage of the methyl COH bond (46) . With hexanenitrile, the metal must migrate to the single methyl group before activation can occur. The nitrile apparently acts as a ''dead end'' rather than a binding site, and because the oxidative cleavage of the ␣-cyano COH bond is apparently kinetically slow, there are more opportunities for the substrate to dissociate as the metal migrates down the chain. Consequently, this substrate is less effective at producing an oxidative addition product. By using the earlier defined relative rates for coordination, migration, dissociation, and activation for pentane in a kinetic simulation (48) , and assuming the same rate constants apply to hexanenitrile, it can be predicted that the preference for pentane over hexanenitrile would be 1.75:1, in good agreement with experiment. Furthermore, because the rates of reductive elimination from both of these activation products is about the same, the kinetic selectivity of 0.27 kcal/mol also corresponds to the thermodynamic selectivity for pentane over hexanenitrile.
In addition to the observed stability of the nitrile activation complexes toward reductive elimination, one can also establish their absolute stabilities using the nitrile competition data. Fig. 6 shows how the combination of the kinetic selectivity seen in the competition can be combined with the observed stability toward reductive elimination, to give the relative free energies of the nitrile-activated complexes. It can be seen that the acetonitrile adduct 2 is by far the most thermodynamically preferred over the other nitriles, by 5-8 kcal/mol. In addition, acetonitrile is kinetically disfavored over the other nitriles, a result that can be interpreted in terms of the additional COH bonds available in the longer nitriles that can coordinate to the unsaturated metal fragment and lead to the oxidative addition product. The ability of the metal to migrate down a hydrocarbon chain results in a situation for these substrates where the kinetic selectivity does not follow the thermodynamic stability.
Once again, by using the earlier defined relative rates for coordination, migration, dissociation, and activation for alkanes in a kinetic simulation (48) , and assuming the same rate constants apply to the alkylnitriles, one can predict the preference for alkylnitrile over acetonitrile. For propionitrile, butyronitrile, and valeronitrile, these simulations give preferences of 1.74:1, 2.02:1, 
It is interesting to note that even though the COH bond-activated alkylnitrile complexes show a large increase in stability compared with the corresponding nonsubstituted alkyl hydride complexes, the activation of the secondary COH bonds in the nitrile chains is apparently kinetically slow, because at most only traces of these products (3Ј and 4Ј) are formed. This finding is quite surprising in light of the tremendous stability exhibited by the product resulting from activation of acetonitrile. Previous studies have shown that as reductive bond coupling occurs, the metal has the ability to migrate up and down the chain and to reinsert at the termini only, in competition with dissociation of the alkane (46) . However, in the case of the activated nitriles, even if the metal migrates down the chain during the elimination (as inferred by analogy to the behavior of alkanes), no new hydrides are observed, which leads to the conclusion that insertion into the secondary bonds is not occurring at a significant rate. Also, no new products were seen, as would be expected if the metal complex cleaved the COCN bond as it migrated down the chain, despite the expectation that the alkyl cyanide product would be very thermodynamically stable. Again, perhaps the energy barrier to cleave the COCN bond is significantly higher in comparison to the cleavage of the COH bond of the chain.
It should be noted that attempts were made to isomerize thermally the primary activated nitrile to the secondary activated nitrile complex, as was seen in Reger's work (34, 35) . The primary COH activated hydride complexes resulting from activation of propionitrile and butyronitrile were heated in neat solvent at 40-50°C and monitored by 1 H NMR spectroscopy. In each case, the RhOH complex was observed to give slowly multiple decomposition products with only small amounts (3-10%) of products that can be assigned to ␣-nitrile activation products 3Ј and 4Ј. In addition, if the resulting hydride complexes 3-5 were allowed to stand at room temperature in the neat nitrile solvent after activation, no isomerization was seen to occur by 1 H NMR spectroscopy. Additional irradiation did not result in isomerization. The coordination of the CN bond and COCN cleavage were also not observed over time, in contrast to cases presented by Garcia and Jones (28) with nickel (28) and Norton and colleagues (31) .
The synthesis of TpЈRh(L)(CH(CH 3 )CN)H (3Ј) was attempted by two routes: (i) 2-lithiopropionitrile was prepared according to literature procedure (49) , and the resulting anion was added at Ϫ78°C to a solution of TpЈRh(L)(Cl) 2 and allowed to stir for 2 h. Analysis by 1 H NMR spectroscopy showed the formation of multiple products. (ii) To a solution of TpЈRh(L)(CH 2 CH 2 CN)Cl in THF was added AgBF 4 , in an attempt to make the 2 -vinyl complex, which could then be reacted with a hydride source. However, the 1 H NMR spectrum did not show any reaction of 3-Cl with the AgBF 4 .
Attempts were also made to react 1 with dicyano alkanes. However, nitriles of the type (NC(CH 2 ) n CN), such as succinonitrile, are solids and so would have to be dissolved in solvents that would be competitive in the photochemical activation. In an effort to circumvent this problem, succinonitrile was added to a solution of the labile TpЈRh(L)(c-hexyl)H in C 6 D 12 . The mixture was monitored by 1 H NMR spectroscopy and showed the decomposition of TpЈRh(L)(c-hexyl)H to give multiple products. Products resulting from COH bond activation and/or COCN cleavage were not observed. Consequently, the only evidence for activation of a COH bond adjacent to a nitrile substituent lies in the NMR evidence presented above. This evidence indicates that there is a large kinetic barrier to COH activation adjacent to a COCN bond in alkyl nitriles, and that this kinetic unfavorability leads to the observation of preferential formation of N-alkylnitrile adducts of the metal complexes.
Concluding Remarks
The [TpЈRh(L)] fragment has been shown to activate COH bonds of a series of alkylnitriles with a strong preference for the primary terminus of the nitrile chain. Isomerization to secondary isomers was not observed. The photolysis of 1 in neat solvent resulted in the formation of the reactive fragment [TpЈRh(L)], with subsequent oxidative addition of the alkylnitrile to give the corresponding terminal alkylnitrile hydride complex. The resulting hydride complexes showed varying stabilities in the presence of benzene compared with the analogous nonsubstituted alkanes. The stability strongly depended on the number of carbons separating the nitrile from the metal center of the complex. Coordination to or cleavage of the COCN bond did not occur.
Materials and Methods
General. All operations were performed under a nitrogen atmosphere, either in a Vacuum Atmospheres Glove Box or on a high vacuum line using modified Schlenk techniques. Benzene-d 6 was purchased from the Cambridge Isotope Laboratories and distilled under vacuum from dark purple solutions of benzophenone ketyl and stored in ampoules with Teflon-sealed vacuum line adapters. All nitriles were purchased from Aldrich and dried over 4A molecular sieves. Preparation of TpЈRh(L)( 2 -PhN ϭ L) (1) 
Preparation of TpRh(L)(CH2CN)H (2).
A stirred bright yellow solution of 1 (5 mg) dissolved in 0.75 ml of acetonitrile was irradiated for 20 min at Ϫ20°C. The solvent was immediately removed in vacuo at 0°C. The resulting solid was dissolved in C 6 CH2CH2CN)H (3) . A stirred bright yellow solution of 1 (5 mg) dissolved in 0.75 ml of propionitrile was irradiated for 20 min at Ϫ20°C. The solvents were immediately removed in vacuo, followed by dissolution in C 6 CH2(CH2)2CH2CN)H (5) . A stirred bright yellow solution of 1 (5 mg) dissolved in 0.75 ml of valeronitrile was irradiated for 20 min at Ϫ20°C. The solvents were removed immediately under vacuum at low temperature with vigorous shaking. The resulting oil was dissolved in C 6 Details, including characterization data, are included in supporting information (SI) Appendix.
Preparation of TpRh(L)(

Kinetics of Elimination of Alkylnitrile from TpRh(L)(RCN)(H).
Generation of rhodium alkylnitrile hydride complexes was accomplished by the photolysis of 1 in neat alkylnitrile, removal of solvent, and dissolution in C 6 D 6 . The reductive elimination of alkylnitrile from 2 and 2-d 3 was carried out at 100°C in a regulated oil bath. The reactions were monitored by 1 H NMR spectroscopy at regular intervals. The reductive elimination of 3, 4, and 5 were carried out at 26°C and monitored by 1 H NMR spectroscopy at regular intervals. The reactions were followed to completion, and kinetic analysis was performed by integration of neopentylisocyanide resonances for both 6 and the alkylnitrile hydride. Some of the resonances overlapped with impurities, and so the equation C ϭ (C o Ϫ C i )e Ϫkt ϩ C i was used to plot the elimination of the hydrides vs. time. A first-order decay of the concentration of the alkylnitrile hydride was plotted using a least squares fit of the data to give the relative rates for elimination of the corresponding alkylnitrile hydrides.
Competition Experiments. A solution of 1 in a 1:1 mole ratio of the two solvents was prepared in an NMR tube and the solution cooled to Ϫ20°C. The photolysis was carried out and the solvent removed under vacuum at temperatures not exceeding Ϫ20°C. The products were dissolved in C 6 D 6 and analyzed by 1 H NMR spectroscopy, using the hydride resonances to determine the kinetic selectivity as described in the text (see SI Appendix for spectra). Simulations were carried out using the program KINSIM § and using the rate constants from refs. 46 and 48. 
